Abstract: When trying to optimize the sustainability performance of farms and farming systems, a consideration of trade-offs and synergies between different themes and dimensions is required. The aim of this paper is to perform a systematic analysis of trade-offs and synergies across all dimensions and themes. To achieve this aim we used the Sustainability Monitoring and Assessment Routine (SMART)-Farm Tool which operationalizes the Sustainability Assessment of Food and Agriculture Systems (SAFA) Guidelines by defining science-based indicator sets and assessment procedures. It identifies the degree of goal achievement with respect to the 58 themes defined in the SAFA Guidelines using an impact matrix that defines 327 indicators and 1769 relations between sustainability themes and indicators. We illustrate how the SMART-Farm Tool can be successfully applied to assess the sustainability performance of farms of different types and in different geographic regions. Our analysis revealed important synergies between themes within a sustainability dimension and across dimensions. We found major trade-offs within the environmental dimension and between the environmental and economic dimension. The trade-offs within the environmental dimension were even larger than the trade-offs with other dimensions. The study also underlines the importance of the governance dimension with regard to achieving a good level of performance in the other dimensions.
Introduction
Globally, food systems have great deficiencies with respect to sustainability [1, 2] . This applies to environmental aspects such as greenhouse gas emissions, soil erosion, biodiversity loss, energy 
SMART-Farm Tool
The aim of the SMART-Farm Tool is to provide a globally applicable tool, which is comprehensive in terms of what is measured and efficient in data requirements. The SMART-Farm Tool models the performance of a farm with respect to the 58 SAFA sub-themes (Figure 1 ). For each of these the SAFA Guidelines define an absolute globally applicable objective for operators in food and agriculture supply chains [8] . For instance, for the sub-theme Water Quality the objective is "The release of water pollutants is prevented and water quality is restored". For application in SMART, some of the objectives had to be further delineated to fit into the farming context for an assessment to be completed at farm-level (Supplementary Material A Table S1 ). For each objective, there is a number of indicators that in combination allow for an assessment of the level of goal achievement, which is expressed on a scale from 0 to 100%. 0% represents a state where all applicable farm activities are counteracting the goal achievement, while 100% represent a state where the respective sustainability goal have been fully achieved by implementing all relevant beneficial activities on a farm and avoiding all relevant detrimental activities to the greatest extent possible. In total, the SMART-Farm Tool (Version 2.1) is based on 327 indicators for the 58 sub-themes. The following sub-sections describe how these indicators have been derived and how they are used for farm assessments. SMART explicitly does not draw the system boundaries along the physical boundaries of a farm but considers all sustainability impacts, which the farm and its activities have along the upstream value chain. Thus, impacts from purchased inputs (seeds, feedstuffs, fertilizers, pesticides, etc.) are also considered. This is important to maintain comparability across farms, as farms induce off-farm impacts via these imports to different degrees.
The SMART-Farm Tool can be applied both in a research and a business context. Therefore, end-users of the tool vary. The main focus of the tool is to produce comparable and reproducible results on the environmental, social and economic sustainability performance of a number of farms. The SMART-Farm Tool is usually used by auditors who have passed a formalized training procedure of 5-10 days, depending on the background of the trainee. More information on this training is given in Section 2.2.1.
All assessors using the tool are called "auditors". These auditors have a different role from an advisor. Auditors are usually checking the farm's performance, sometimes as a service for the farmer and sometimes as a service for a third party (e.g., in research context or in a business-related application). So, the role of the auditor is explicitly not to advise the farmer in the sense of discussing measures for improvements, e.g., like in the context of a sustainability assessment with RISE (Response-Inducing Sustainability Evaluation). Nevertheless, the SMART report contains valuable information for the farmer on why he/she/they are not performing well, with respect to each of the 58 SAFA sub-themes. This information can be translated into a possible action for improving the sustainability performance of the farm. In our experience it depends on the context whether the farmer needs help in identifying appropriate measures or is able to do this independently. Therefore, it is important to clarify that the SMART-Farm Tool is not a tool which is appropriate for all different end-users for sustainability assessments. We think in the extension context tools like RISE are more appropriate.
Determining the Sustainability Performance
The degree of goal achievement (DGA ix ) of a farm x with respect to a sub-theme i is defined as the relation between the sum of impacts of all indicators (n = 1 to N) that are relevant for a sub-theme i (IM ni ) multiplied by the actual performance of a farm x with respect to an indicator n (IS nx ) (Equation (1)) and the sum of the impacts multiplied by the maximal performance possible on these indicators (ISmax n ). The impacts thus serve as "weights" for the different indicators in assessing the degree of goal achievement for a sub-theme (see Section 2.1.3 for details).
where x is the index of farms, i is the index of sub-themes, n is the index for the indicators that are relevant for farms of the farm type of interest and in the geographical context addressed. Thus, the SMART-Farm Tool can be conceptualized as a Multi-Criteria Analysis (MCA) [25] for each sub-theme of the SAFA Guidelines. The indicators that are relevant for a farm are determined according to Equation (2) . All indicators which have an impact IM ni " 0 for a sub-theme i and are declared to be relevant for at least one of the farm business branches (arable farming, vegetable production, fruit production, viticulture, permanent grassland, beef cattle, pig production, poultry production, bees, dairy cattle, goats, sheep, tree nursery perennials, pot plants/plant nursery, aquaculture, direct sales). The combination of different farm business branches constitutes the farm type. While the farm type "specialized arable farm" will only have arable farming as a farm type, most farm types will consist of several farm business branches (e.g., combining dairy and arable farming).
This procedure for indicator selection was based on the fuzzy logic approach [26] . As soon as a farm business branch is present at a farm, an indicator will be taken into the subset RI of relevant indicators for the different sub-themes (Equation (2)). The set RI of indicators that are relevant for a farm are determined according to Equation (2): these are all indicators which have an impact IM ni " 0 for a sub-theme i and are declared to be relevant for at least one of the farm business branches τ and geographic regions. Where τ = 1, . . . , T the T different combinations of farm business branches and geographic regions. N tot denotes the total number of indicators in the SMART-Farm Tool. RI = { nP {1, . . . ,N tot } D i P {1, . . . , I} so that IM ni " 0 Λ D τ P {1, . . . , T} so that n is relevant for τ
2.1.2. Indicator Selection
The requirement for the SMART-Farm Tool to be globally applicable, requires us to use as many generic indicators as possible and as few case specific indicators as necessary to determine the sustainability performance in a credible way. Indicators for the SMART-Farm Tool have been selected according to the following criteria:
The indicator needs to have a logical or scientifically justifiable direct impact on at least one of the sub-themes, they may, however, be relevant for several sub-themes. This should not to be confused with the geographic/farm-type relevance-check of indicators in the course of the farm assessment mentioned above.
‚

Comprehensiveness:
The indicator set should cover the most relevant aspects of the themes and is applicable to all farm types, regions and farming systems (conventional, integrated, organic, etc.).
‚
Interpretability:
The indicators need to be interpretable and consequences for farm management need to be directly deducible for farmers, scientists and advisors.
‚
Data quality:
The information gathered on the farm needs to enable the auditor to assess the indicator reliably.
The time required for data collection needs to be minimized, therefore, SMART comprises indicators that are straightforward to determine for which data is globally accessible.
The above criteria were applied by a team of experts which consisted of some of the authors in addition to 18 external, theme-specific experts who were consulted in case the impact of an indicator was unclear. Among those were scientists, advisors, farmers and auditors working on farm audits. We used a large number of experts in order to minimize potential biases in the evaluation, being aware of the subjectivity of some aspects of sustainability. In the case of differences of opinion among the experts, a core team of seven scientists made the final decision with respect to indicator selection, formulation and determination of benchmarks.
The maximum performance for each indicator was defined as being the state of an indicator which allows maximum achievement of the sustainability goals that are addressed by this indicator. Vice versa, the minimum performance of an indicator was defined as being the state which will lead to the least degree of improvement of the performance on a sub-theme. The basis for determining these benchmarks was scientific literature where possible. For the remaining indicators expert judgements were made.
The relevance check which works according to Equation (2) , determines the maximum performance for a sub-theme. The relevance check ensures that only indicators that are applicable in the context of a specific farm are taken into account for an evaluation. For instance, if a farm does not have a greenhouse, no indicators referring to the management of greenhouses are considered. This ensures that each farm can theoretically achieve a goal of 100%.
The selection and continuous refinement of the indicators lasted three years with different experts being involved at different stages of the process. Over the three years, different formulations of indicators and different minimum and maximum values and benchmarks were tested before the current versions were identified. Also many partly overlapping indicators were discarded over time. In total 1769 linkages between SMART indicators and SAFA sub-themes were determined. This means, there is an average number of 30.5 indicators per sub-theme ( Figure 3 ). In the Supplementary Material A Tables S2-S59 , all indicators and their applicability for each sub-theme are listed. The high variability of the number of indicators for each sub-theme resulted from applying the abovementioned criteria. For some sub-themes, there is a large number of indicators relevant for influencing the degree of goal achievement (e.g., Species Diversity) while at the same time fulfilling the other criteria, for other sub-themes the degree of goal achievement can be verified using only a few indicators (e.g., Mission Statement). Tables S2-S59 , all indicators and their applicability for each sub-theme are listed. The high variability of the number of indicators for each sub-theme resulted from applying the above-mentioned criteria. For some sub-themes, there is a large number of indicators relevant for influencing the degree of goal achievement (e.g., Species Diversity) while at the same time fulfilling the other criteria, for other sub-themes the degree of goal achievement can be verified using only a few indicators (e.g., Mission Statement).
Determination of Indicator Weights
The indicators that were selected for each sub-theme by the experts according to the criteria described in Section 2.1.2, were rated with respect to the contribution they have for the degree of goal achievement, i.e., the impact (IM ni ) an indicator i has on sub-theme n. The experts who selected the indicators also judged the strengths of the impacts independently from each other. If different opinions existed, the experts discussed and agreed upon a weight in a Delphi-Process. IM ni is determined on a scale between´3 and +3 according to Table 1 . An indicator is considered to be irrelevant for a sub-theme either if it does not have a direct impact on the degree of goal achievement of a subtheme or if it has ambiguous impacts. In such a case IM ni = 0 and the indicator is dropped from the list of relevant indicators for that sub-theme. Ambiguity means that the experts understood the indicator to have a positive impact in some cases and a negative impact in others. For instance, dehorning of cows was considered to be ambiguous with respect to the sub-theme "Freedom from Stress" as it does have negative impacts on this sub-theme at the time of dehorning but may have positive impacts afterwards. Furthermore, depending on the stocking density or the construction type of the barn, these impacts may be different. Currently, there are no further decision rules implemented in the SMART-Farm Tool, and such ambiguous indicators were thus not considered for a sub-theme as they would not be 
The indicators that were selected for each sub-theme by the experts according to the criteria described in Section 2.1.2, were rated with respect to the contribution they have for the degree of goal achievement, i.e., the impact (IMni) an indicator i has on sub-theme n. The experts who selected the indicators also judged the strengths of the impacts independently from each other. If different opinions existed, the experts discussed and agreed upon a weight in a Delphi-Process. IMni is determined on a scale between −3 and +3 according to Table 1 . An indicator is considered to be irrelevant for a sub-theme either if it does not have a direct impact on the degree of goal achievement There are different types of scales defined for IS nx as described in Table 2 , with 0% being the lowest performance and 100% being the highest performance. An assessment using the SMART-Farm Tool (Version 2.1) is conducted in the following steps: First, goal and scope of the assessment are clearly defined. Second, the farm sample is selected in a way that the research questions can be answered with minimum bias. Third, data are collected during a visit to each farm including an interview with the farm manager conducted by a trained and qualified auditor. The training curriculum involves theoretical and practical training. The theoretical training includes lessons on how to get the information with respect to a specific indicator. The auditors are trained to ask and verify the answers in a standardised manner. If answers are not plausible, auditors need to clarify. Training is carried out face-to-face only. In practical lessons real farms are visited and in a final test the trainee needs to prove that they are able to use the tool correctly. Online training cannot substitute this procedure. Additionally to the training procedure, the evaluations of auditors are frequently checked for plausibility by another experienced auditor.
These farm visits serve to collect the data that is necessary to evaluate the relevant indicators required for the sustainability assessment. A visit usually takes between 2 and 3 h and consists of a general introduction, a farm tour and the main interview. The number of indicators used for the assessment of a single farm depends on the relevance check, which is an automatic selection of a subset of indicators from the total pool of 327 indicators. The resultant subset contains only indicators that are relevant to the specific farm type and regional context. The compliance check auto-rates indicators, which are compliant, e.g., because of certain types of standards or regional context. While irrelevant indicators are not considered for calculating the sustainability performance, both compliant and non-compliant indicators are considered. For instance, certified organic farms are inspected to check that they do not use any synthetic pesticides [27] . The respective indicators are therefore automatically rated, if a farm is certified-organic, unless the SMART auditor comes across evidence that this assumption does not hold true. The collected data are then used for evaluating each indicator. The algorithms in the SMART-Farm Tool describe the impact of each indicator on the performance of the farm with respect to a sub-theme. The indicators are then used for listing the driving factors influencing the sustainability performance on this farm. The performances with respect to the 58 sub-themes and the driving factors are given as feedback to the farmers and can be used for the comparison of different farms within and across farm types and regions. The 58 sub-themes can be aggregated to 21 themes, applying an equal weighting of all sub-themes but additionally all sub-theme scores have to be made transparent.
Selection of Farms
Section 2.1 described how the SMART indicators have been identified and how they are used for single farm assessments. Here, we explain how SMART assessments are applied to farms for understanding the general degree of achievement of sustainability goals. Methodologically, we seek to understand: (a) whether the SMART-Farm Tool is applicable to farms of different types in different regions; (b) whether the SMART-Farm Tool produces plausible results; and (c) whether it allows us to distinguish between different farms in terms of sustainability performance. For the purpose of this paper, we selected very different farms in terms of farm size and farm business branches, to see whether the characteristics will be reflected well enough in the sustainability performances measures by the SMART-Farm Tool. We did not aim to understand differences between farms in developing and developed countries, organic and conventional farms, large or small farms or between different farm types. For such research questions, a much larger and representative sample would have to be drawn. We thus selected a broad sample of farms with typical farm types from developing and developed countries. We used a qualitative purposeful sampling procedure [28] by selecting the different typical farms in different countries [29] . In total, 11 farms from three developing countries (Ghana, Kenya and Costa Rica) and three developed countries (Germany, Switzerland and Austria) were used. The following farm types were considered: mixed farms, fruit and vegetable farms, dairy farms, arable farms, beef and pig and poultry farms. The farm size in the sample varied from 0.7 to 275 hectares, including both conventional and organic farms (Table 3) . Farm Switzerland_1 is a family farm with seven employees, producing a diverse range of vegetables (different varieties of tomatoes, salad, spinach, etc.) cultivated both in greenhouses and on open fields, which are sold through a local cooperative operating in the region.
Farm Switzerland_2 is a medium-sized family farm, producing a variety of dairy products (milk, yoghurt and cheese) sold both through wholesalers as well as directly from the farm shop. Partially independent in terms of livestock feed supplies, as both a part of the concentrate feed (75%) and the roughage (70%) are produced on the farm.
Farm Austria_1 is a medium-sized family farm, located in the eastern part of Austria, focusing on arable farming, mostly cereals for feed, grassland (incl. some meadow orchards) and forestry. All farm work is done by family members. A major part of the feed supply for the cattle is produced on-farm, the rest is purchased locally. The farm cooperates with other farms nearby (e.g., to access machines).
Farm Austria 2 is a large family farm, located in the eastern part of Austria, specializing in the production of soybean and maize. It has no permanent employees. Laying hens are kept only for own consumption. The whole amount of the farm area has increased in the last few years. Products are sold to other farms, wholesalers and processing companies.
Farm Germany_1 is an organic family run dairy farm (with one employee) located in South Germany. The entire agricultural area is dedicated to grassland that is used as feed for the 20 dairy cows and their offspring. The entire amount of milk produced is sold to a local dairy and generates the main income of the farm.
Farm Germany_2 is a mixed farm run by five members of staff located in South Germany. The 135 dairy cows and offspring are fed with grass (70 ha permanent grass land, 19 ha temporary grassland), clover, maize silage and bought in concentrate feed. The entire amount of milk produced is sold to a local dairy and is the main source of income. Cash crops grown are winter wheat, winter/summer barely and winter rape seed.
Farm Kenya_1 is a typical smallholder farm in the lowlands of the Machakos district growing different fruits and vegetables under semi-arid climate conditions. The farmer is a young motivated entrepreneur who is keen on further developing the farm in terms of economic performance. Pesticide and nutrient management are implemented according to the advice of a private advisory service. Products are predominantly sold at the local market.
Farm Kenya_2 is a smallholder farm in Kiriniaga in the humid zones of Kenya at about 2000 m above sea level. The dominant source of income is from vegetable and fruit production which is sold on the local market. The farm is managed organically but is not certified due to the lack of market for their products. The farm is part of an organic advisory scheme which supports farmers in fertilizer and pest management.
Farm Ghana_1 is located in northern Ghana and operates under a semi-arid climate. The farm is located in a remote area and has adopted organic management. However, the farm sells only at the local market and due to the absence of a local market for organic products, certification is not viable for this farmer. For weeding and harvesting local labor is hired by day, depending on seasonal fluctuations.
Farm Ghana_2 is a typical cocoa farm located in the Western Region of Ghana, operating under humid conditions. Most of the income is generated through cocoa which is sold to and processed by a local cooperative. The farmer invests in a number of inputs (pesticides, fertilisers), while cocoa pest management is organized at national level by COCOBOD. The farmer is strongly committed as an elder in his village. External labor is only rarely employed, mainly for harvesting purposes.
Farm Costa Rica_1 is a family run banana plantation with 109 employees, exporting approximately 350,000 boxes of bananas per year (type: Cavendish, 162 ha; Gros Michel 30 ha (under conversion to organic); Dátil, 10 ha (under conversion to organic)) to a retailer in Europe. Organic certified bananas will be sold after the conversion has been completed. The farm includes 41 ha of forest that was planted for the on-farm production of pallets used to transport the banana boxes. The farm is certified against the following standards: Rainforest Alliance, GlobalGAP, EU-organic (for those parts that are under conversion), ISO 14001, CO 2 neutral.
Determination of Trade-Offs and Synergies
For this study, the 1769 linkages between indicators and sub-themes, which are specified in the SMART-Farm Tool and described in Section 2.1 and listed in the Supplementary Materials (Tables S2-S59) , were systematically analyzed considering whether the sub-themes are influenced by similar farm management strategies or conflicting ones.
For instance, the indicator "Proportion of arable land under reduced tillage" will have a strongly positive impact on the sub-theme "Soil Quality" (which links to the objective: "Soil characteristics provide the best conditions for plant growth and soil health, while chemical and biological soil contamination is prevented"). At the same time, the indicator affects the sub-theme greenhouse gas emissions (with the objective: "The emission of GHG is contained") positively, as it helps to sequester soil organic carbon. So, the same indicator affects several sub-themes positively and thus there is a synergy between those two sub-themes because of this indicator.
At the same time, indicators may affect one sub-theme positively and another one negatively. For instance, a higher cutting frequency of meadows may have negative impacts on the sub-theme species diversity (with the objective: "The diversity of wild species living in natural and semi-natural ecosystems, as well as the diversity of domesticated species living in agricultural, forestry and fisheries ecosystems is conserved and improved") but it may have positive impacts on the sub-theme profitability (with the objective: "Through its investments and business activities, the enterprise has the capacity to generate a positive net income"). In this case there is a trade-off between the two sub-themes arising from this indicator.
This relation is described mathematically in Equation 3. A correlation coefficient which describes the degree of uniformity of impacts of indicators for each combination of sub-themes i and j was calculated (SYN ij ). This is calculated by the difference between 1 and the sum of squares of the deviations of the single impacts of the indicators n between two sub-themes (IM ni and IM nj ) divided by the maximum of the squared deviations between indicators of two sub-themes (MD). Synergies between dimensions and within dimensions were calculated as the arithmetic mean of synergies between the sub-themes within of a dimension (Equation (3)).
SYN ij = 1´((
where n is the index for the indicators and i and j are indices of sub-themes and MD = 665. The larger the number of indicators that are common to two sub-themes, the stronger synergies between those sub-themes. But this is only true if the impact of the indicators for the sub-themes are both either positive or negative. If an indicator has a positive impact on one sub-theme and a negative impact on another sub-theme, it will decrease the intensity of the synergy between both sub-themes.
Trade-offs (TO ij ) were calculated according to Equation (4) by summing up the squares of deviations of the single impacts of those indicators between two sub-themes (IM ni and IM nj ), which did have a positive impact on one sub-theme while having a negative impact on the other sub-theme. For determining the trade-offs between the dimensions the sum of trade-offs in a sub-theme or between two sub-themes, respectively, was calculated. Contrary to SYN ij the TO ij is not normalized by dividing by MD for readability, as TOij would become very small. The trade-offs in this paper are calculated based on the general relationships between indicators and sub-themes, independently of farm-specific performances. So, there is no implicit assumption about the performance of farms in this trade-off analysis.
Results
This section first reports the results from the SMART assessments on the sample farms for different farm types from different regions. Then, the analysis of trade-offs and synergies between SAFA sub-themes is presented. We emphasize that the first assessment is based on empirical data from real farms, illustrating the concrete application of the SMART-Farm Tool and how such analyses may compare for different farm types and regions. This illustrates on a case-study basis that the SMART-Farm Tool can be successfully applied for all relevant farm-types and regions and is thus a viable approach for sustainability assessments at farm level. The trade-off and synergy analysis, on the other hand, is based on expert assessments of the indicators and sub-themes, without reference to empirical farm data. It is thus of a different quality, describing intrinsic aspects of the SMART-tool in its current form and not of the results of its application to farms, i.e., of farm performance on the SMART indicators.
Results of Sustainability Assessments in Different Countries and Farm Types
Using the SMART-Farm Tool (see Section 2), we benchmarked farms of different types and in different countries and regions against the objectives formulated in the SAFA Guidelines.
From the methodological standpoint, the SMART-Farm Tool proved to be applicable in humid, arid and temperate zones as well as in developed and developing countries. Data for each farm could be collected in 2-3 h and farmers were willing to provide the data they were asked for, as the auditors confirmed that all data will be communicated in an anonymized way. Figures 4-7 show figures from the assessments. Table S60 gives an overview of the key descriptive statistics. SMART-Farm Tool can be successfully applied for all relevant farm-types and regions and is thus a viable approach for sustainability assessments at farm level. The trade-off and synergy analysis, on the other hand, is based on expert assessments of the indicators and sub-themes, without reference to empirical farm data. It is thus of a different quality, describing intrinsic aspects of the SMART-tool in its current form and not of the results of its application to farms, i.e., of farm performance on the SMART indicators.
From the methodological standpoint, the SMART-Farm Tool proved to be applicable in humid, arid and temperate zones as well as in developed and developing countries. Data for each farm could be collected in 2-3 h and farmers were willing to provide the data they were asked for, as the auditors confirmed that all data will be communicated in an anonymized way. Figures 4-7 show figures from the assessments. Table S60 gives an overview of the key descriptive statistics. 
Governance Dimension
In the governance dimension, farms performed worst with respect to Mission Statement and Full-Cost Accounting. Also for Transparency and Holistic Audits it was difficult for farms to come close to a high degree of goal achievement. On the other hand, for the sub-themes Legitimacy, Remedy, Restoration and Prevention, Resource Appropriation and Stakeholder Dialogue high degrees of goal achievement were relatively easy to meet. The distribution was highest for Civic Responsibility and lowest for Conflict Resolution. 
Environmental Dimension
In the environmental dimension, farms performed worst with respect to Greenhouse Gases, Air Quality, Genetic diversity and Energy Use. This means that the goals set out in the SAFA Guidelines for these sub-themes were most difficult to achieve for the farms. Water Withdrawal and Water Quality, Material Use, Energy Use and Waste Reduction and Disposal were the themes where single farms performed worst. Some farms do not produce livestock and are depicted with a score of zero for the sub-themes Animal Health and Freedom from Stress in Figure 5 . These sub-themes were consequently declared to be irrelevant on these farms. 
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In the governance dimension, farms performed worst with respect to Mission Statement and Full-Cost Accounting. Also for Transparency and Holistic Audits it was difficult for farms to come close to a high degree of goal achievement. On the other hand, for the sub-themes Legitimacy, Remedy, Restoration and Prevention, Resource Appropriation and Stakeholder Dialogue high degrees of goal achievement were relatively easy to meet. The distribution was highest for Civic Responsibility and lowest for Conflict Resolution.
Environmental Dimension
In the environmental dimension, farms performed worst with respect to Greenhouse Gases, Air Quality, Genetic diversity and Energy Use. This means that the goals set out in the SAFA Guidelines for these sub-themes were most difficult to achieve for the farms. Water Withdrawal and Water Quality, Material Use, Energy Use and Waste Reduction and Disposal were the themes where single farms performed worst. Some farms do not produce livestock and are depicted with a score of zero for the sub-themes Animal Health and Freedom from Stress in Figure 5 . These sub-themes were consequently declared to be irrelevant on these farms.
At the same time, for the sub-themes Animal Health, Freedom from Stress, Land Degradation, Material Use, Water Quality and Water Withdrawal, some farms managed to perform very well. This shows that the highest variability among farms in degree of goal achievement was found for Animal Health, Freedom from Stress, Waste Reduction and Disposal, Material Use and Water Withdrawal.
Economic Dimension
In the economic dimension, farms performed worst with respect to Internal Investment, LongRanging Investment and Local Procurement, while the latter indicator was irrelevant for farms which did not purchase any inputs. Also with respect to Product Information, Food Safety, Stability of Supply and Community Investments, for each sub-theme at least a single farm performed below 25%. Lowest median scores were achieved for the sub-themes related to Investments, Stability of Supply, Product Information and Product Quality. At the same time, for the sub-themes Animal Health, Freedom from Stress, Land Degradation, Material Use, Water Quality and Water Withdrawal, some farms managed to perform very well. This shows that the highest variability among farms in degree of goal achievement was found for Animal Health, Freedom from Stress, Waste Reduction and Disposal, Material Use and Water Withdrawal.
In the economic dimension, farms performed worst with respect to Internal Investment, Long-Ranging Investment and Local Procurement, while the latter indicator was irrelevant for farms which did not purchase any inputs. Also with respect to Product Information, Food Safety, Stability of Supply and Community Investments, for each sub-theme at least a single farm performed below 25%. Lowest median scores were achieved for the sub-themes related to Investments, Stability of Supply, Product Information and Product Quality.
At the same time, there were farms in our sample which performed very well, with more than 90% degree of goal achievement for Local Procurement, Product Information, Food Safety, Liquidity, Food Quality and Risk Management. There was no farm performing better than 45% for Community Investment. This shows that the goal of this sub-theme is particularly difficult to achieve for farmers. For the sub-themes Local Procurement, Product Information, Food Safety and Long-Ranging Investment, the highest ranges of scores were achieved.
Social Dimension
In the social dimension, the lowest median scores were achieved for the sub-themes Capacity Development, Support to Vulnerable People, Non-Discrimination and Freedom of Association and Right to Bargaining. Sub-themes for which single farms received a degree of goal achievement below 25% were Support to Vulnerable People, Capacity Development, Rights of Suppliers and Food Sovereignty.
At the same time, there were farms in our sample which performed with 100% for Forced Labor, Child Labor, Indigenous Knowledge, Fair Access to Means of Production and Capacity Development. Very good scores, with more than 90% degree of goal achievement were also realized by single farms for Workplace Safety and Health Provisions, Public Health and Food Sovereignty. The lowest range of difference in the degree of goal achievement among our sample farms was for Quality of Life, while the highest range was for Capacity Development.
Trade-Offs and Synergies between Dimensions and Sub-Themes
In Section 3.1, we analyzed the performance of the selected farms with respect to each sub-theme. While there were single farms, which managed to perform well with respect to a large number of sub-themes, no single farm manages to perform well across all sub-themes and dimensions. This finding shows the importance of further analyzing trade-offs and synergies between sub-themes and dimensions. As delineated in Section 2.3, we do not explore this based on the scores of the single farms but based on the interrelations that are specified in the algorithms for determining the degree of goal achievement.
When analyzing the individual dimensions, the most similar and synergistic management strategies could be identified for the themes in the governance (86% of correlation between indicator-theme impact relationships on average for the sub-themes in this dimension) and the social dimensions (78%). The least degree of uniformity in management strategies (i.e., the least synergistic) strategies were identified for the environmental (52%) and economic dimensions (69%).
Between the dimensions, synergies are greatest between the social and the governance dimensions (78%) and the economic and governance dimension (73%). The similarities between the social and economic dimensions (69%) are greater than between the environmental and governance dimensions (59%) ( Figure 8A ).
Development, Support to Vulnerable People, Non-Discrimination and Freedom of Association and Right to Bargaining. Sub-themes for which single farms received a degree of goal achievement below 25% were Support to Vulnerable People, Capacity Development, Rights of Suppliers and Food Sovereignty.
When analyzing the individual dimensions, the most similar and synergistic management strategies could be identified for the themes in the governance (86% of correlation between indicatortheme impact relationships on average for the sub-themes in this dimension) and the social dimensions (78%). The least degree of uniformity in management strategies (i.e., the least synergistic) strategies were identified for the environmental (52%) and economic dimensions (69%).
Between the dimensions, synergies are greatest between the social and the governance dimensions (78%) and the economic and governance dimension (73%). The similarities between the social and economic dimensions (69%) are greater than between the environmental and governance dimensions (59%) ( Figure 8A ). In the social dimension, Public Health, Workspace Safety and Quality of Life had the lowest degree of synergies with the other social sub-themes. In the governance dimension only Legitimacy showed a slightly lower degree of synergies with other sub-themes.
The trade-offs ( Figure 8B ) were classified into three groups: (a) trade-offs between dimensions; (b) trade-offs between sub-themes within one dimension; and (c) trade-offs between sub-themes in different dimensions. It was found that trade-offs between the environmental and the economic dimensions were greatest, mainly due to trade-offs with the sub-theme Stability of Production (Tables  S60 and S61 in the Supplementary Materials C). Trade-offs between the social and the economic dimensions were also substantial due to Profitability and Stability of Production on the one hand and Public Health and Workplace Safety on the other hand. To a lower extent there were also trade-offs between the social and the environmental dimensions. The main conflict is between Profitability on the one hand and Legitimacy and Responsibility, as sub-themes in the governance dimension, on the other hand. There are no trade-offs between the governance dimension and the dimensions of environmental integrity and social well-being.
Interestingly the trade-offs within the environmental dimension were even larger than the trade-offs with other dimensions. Most relevant were trade-offs between Greenhouse Gases and Animal Welfare. Also within the economic dimension substantial trade-offs exist. No trade-offs were identified between sub-themes within the social dimension or the governance dimension.
Discussion and Conclusions
With respect to the three main objectives of this paper, we conclude that the SMART-Farm Tool is a useful way to benchmark farms across farm types and regions with low time requirements per farm. Data was available for judging the degree of goal achievement, both for the farms in developing and developed countries. The SAFA goals are generally applicable but some goals are difficult to achieve for almost all farms, whereas others don't show a high range of difference in goal achievement between farms. SMART allows comparability of farm types at sub-theme level. However, it is important to look at the driving factors for the sustainability scores, when interpreting the results and suggesting changes on farms or for farming systems. Furthermore, comparability of results between farm assessments requires a consistent approach over time. Despite the SMART-Farm Tool having been tested in very different geographical contexts and on various farm types, it may be necessary to adapt the indicator set for further applications. Therefore, while changes will be applied to the tool for future applications, upcoming versions need to be downwardly compatible with the former versions. Furthermore, uncertainty in expert assessments needs to be addressed. Therefore, further expert evaluations on the importance of the indicators for different sub-themes will be linked an uncertainty analysis using Monte-Carlo Simulations based on a procedure used in [30] . For some sub-themes (e.g., Energy Use, Greenhouse Gases and Profitability), a more quantitative approach (e.g., life cycle assessment or calculation of gross margins) could be implemented alternatively. However, data collection on farms for such a quantitative approach would induce high costs, if high-quality results need to be achieved [31, 32] . Furthermore, some data are hardly available or farms do not want to provide the data, especially for economic variables such as farm income, which would be a quantitative indicator for profitability. On the other hand, some of the sub-themes are much broader than a single number can express, so several indicators would also need to be covered.
The broader MCA-like approach of SMART also helps to make the driving factors for poor or good performance with respect to the 58 sustainability sub-themes transparent. In the SMART-tool, all this information is compiled by using the 327 indicators and provided as a farm-level sustainability report (cf. Supplementary Materials B for an example). Besides analyzing single farms, the SMART-tool can also be applied to groups of farms to analyze their performance and relevant driving factors and to compare different groups in this context. In the coming months the SMART-Farm Tool will be applied to larger samples of up to 2000 farms, which will be compared with each other. This discussion shows that both types of approaches-semi-quantitative MCA-like approaches and quantitative LCAs have their justification and the choice of tool needs to be evaluated carefully. Furthermore, the advantages and disadvantages of the different approaches confirm that tools should be targeted to specific purposes, such as benchmarking or farm advice, instead of trying to apply a one-size-fits-all solution [15, 33] . At the same time it makes sense to harmonize data collection for different purposes in order to reduce costs. This is not limited to sustainability assessment but applies also to inspections of farms for receiving direct payments, inspections of organic farms, economic benchmarking and advice.
Looking at the different farms, the results presented here illustrated that some farms perform very well with respect to some sub-themes and others perform well with respect to others. Also some sub-themes were clearly related to each other and thus obtained a good rating if another sub-theme was also performing well. This emphasizes the importance of understanding the synergies and trade-offs that exist between the sub-themes. As described in Section 2, our sample of farms was not large enough to do this with a statistical approach based on empirical data, therefore we analyzed trade-offs and synergies using the algorithms defined in the SMART-Farm Tool.
The analysis of synergies revealed some space for simplification between some of the themes, especially strong synergies were found between some sub-themes in the governance dimension and the social dimension. Synergies between sub-themes within dimensions were also present between Animal Welfare and Freedom from Stress, between Energy Use and Air Quality, and between Species and Ecosystem Diversity in the environmental dimension. In the economic dimension, the synergies were largely grouped within the themes, for instance between the different investment sub-themes or vulnerability sub-themes. In the social dimension synergies were generally very strong except for the sub-themes Quality of Life, Workplace Safety and Public Health. This shows that the latter sub-themes need to be addressed separately, while other social issues can be addressed via multi-objective measures. Apart from the above-mentioned synergies between the governance dimension and the other dimensions, there were also important synergies identified between the economic sub-themes Investments, Vulnerability and Local Economy and the social dimension.
The trade-offs were classified into three groups: (a) general trade-offs between dimensions; (b) trade-offs between sub-themes in one dimension; and (c) trade-offs between sub-themes in different dimensions. Major trade-offs were found within the environmental dimension and between the environmental and economic dimension. This confirms the current focus on the trade-offs between these themes in scientific literature (e.g., [34] ). The trade-offs within the environmental dimension were even larger than the trade-offs with other dimensions. Trade-offs within the governance dimension and between the governance dimension and other sustainability dimensions (except economic resilience) did not exist, which underlines the important role of the governance dimension as a supporting dimension for achieving good performance in the other dimensions. We conclude that farms optimizing the governance dimension will have positive synergies with most of the environmental, social and economic sub-themes.
The environmental dimension is most difficult to optimize as substantial trade-offs exist both within itself and with other dimensions. Priorities need to be set depending on the specific context of the farm. Policy could also play an important role in this respect. The high degree of synergies between governance and the other dimensions reinforces the importance of quality management at farm level with respect to sustainability.
Trade-offs between sub-themes Stability of Production and Profitability cause multiple trade-offs to other sustainability topics. Remarkably, no trade-offs were identified between sub-themes within the social dimension. Trade-offs between the economic dimension on the one hand and the environmental and social dimensions on the other hand, need to be accepted at farm level, but could be addressed by policy makers, to help farmers set the right priorities. Policies can therefore help to support decision making by farmers with respect to trade-offs. An analysis with the SMART-Farm Tool can help to understand the trade-offs and synergies which would be a first step to finding appropriate solutions, as it allows for the identification of difficulties and potentially unsuccessful solutions right from the beginning (e.g., such as those that disregard the presence of specific trade-offs), as well as the most promising solutions (e.g., those that identify and build on specific synergies). The combination of an application of the SMART-Farm Tool with specific tools for extension, such as RISE [35] , OCIS PG-Tool [36] or tools targeted to single topics, e.g., biodiversity [30, 37] or greenhouse gas emissions [38, 39] , should be decided based on the performance measures in a status-quo analysis.
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